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(54) LITHIUM SECONDARY BATTERY 

(57) Abstract: 

PURPOSE: To prevent the dropping of a positive 
electrode material and a negative electrode material and 
reduce a decrease in capacity when charge and 
discharge are repeated by sticking the negative electrode 
material and/or the positive electrode material to the 
surface of a collector by a crosslinking polymer-containing 
binder. 

CONSTITUTION: Carbon used as an active material is 
preferably graphite and is used in powder. Its powder 
preferably has an average grain diameter of 1-30u.m. A 
lithium ion is preferably lithium-containing composite oxide 
as an intercalating or doping layer compound. The 
negative electrode material and/or the positive electrode 
material, preferably, both the materials are stuck to the 
surface of a collector by a crosslinking macromolecule 
binder. The crosslinking polymer is preferably a 



fluorine-containing one. Particularly, a crosslinking agent 
is preferably polyamine, polyol, peroxide. A crosslinking 
assistant for the peroxide is preferably that crosslinked by 
using triazine dithiol. 
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[0 0 5 9] ]E«g*KJi. #KR££;h,*v^ y^ 

mte&mik&m, &mmtm, mmwPcit 

2 ^ LiNi0 2s LiMn0 2N L i 2 Mn 2 
V 2 O e . TiS 2 , MoS 2 , FeS 2> #}) T^^~ 

40 ^y7^yy, ^yt: o c2— /k tfy^y^v, 

T^y Tir>-^if^ ( f ^tl, #^0S6 1 - 5 3 8 2 8 
^ #^Bg6 3-5 9 5 0 7 ft4kW*¥\^WM<Dh<D1>* 

[0060] **3, jEMf%mmz&mm<£^&m$£ik 

^ x ^fxy77^^^-^V777^i^77 

[0061] &mw<D-ifcmm\zj&m£ft&mMmz 

y^9A'g■#S<»«S:•&tp**«*K*:fflv^5ri 
50 j6$#4LV\ y^^A^«#Jti:U'rttW^I»3t**t 



15 

ft^d*. WtL\£ L i PF 6> LiBF 4s L i C 1 

L i A s F 6 x L iCF 3 SO J ^f)iiS^I 

#J^i«iH4l^4SK ^y%y? <^#7k^lSW 5 
[0 0 6 2] #*J6fflE£bTtt:, ^R££ixftV^ 

V N 1, 2 -i^^ b^v-^i^ V x 1, 2-v*p< l^v^ 

1, 1, 
^ N fF7tKn77V x 2-^f/l^7h7t Kn77 

5W*#y 7vMr^ V h&rafrzKy T^n— 7UV 

[0 0 6 3] *7K«fr^***nS«#H^*^tt*^ 
SlIRfcifcV^ 0. l-2Mo l/l8S^ff*U\ 

[0064] agogis 

BMfcttft^* *3 J: ^#a«*P#J^ £ t£/S b T ® ft 

[oo65] roj;? temMmnmf&mte. ^<omm 

^u^fll^^AJR^AifBtt. IfcHUJfStt. *y*s~ 
[0 0 6 7] ftSfle{2:aJ|sHaj«»«:aKb, *&Kt-/Sb 

4:«fcf5 0 10-5 
0 0/zm gft£1-<5£i:;&s#*bv\, 

[0068] #3&ij!<oy ^A-&m*o*#}£t;io^T 
fcM*fcR*£;h,ftVNas, iifif, ]Efli*5J;^ffii, &5 

-mmm. tf#>mmm. nnt& nmmmm^if 

[0 0 6 9] 



(9) ^M^F6 - 2 4 3 8 9 6 

16 

[0 0 7 0] jljfcffijl 

<njfi0« 1 - 1 ispm&feWLt tr^^yii 

*U*:7 s/fkbf y y^V- 6 7 yfcfvL \fu>- 4 7 yit 

T*3K«-t*Sr idSt?tSo ^*2 5 0cm 3 CO/Ky oi^i/ 
M^U^M. ^x/UDPA-351^4g 

10 f^fpy og , %ffi#J (^yr^) * 

7YFKS15 (TOS^Sl 5/xn) 4:16. 3 g *5 
.t^tScffl^^^-f Ti: LTfiSlmmCOZ r 0 2 £ 1 2 
5cm 3 SAW:, ^^JSWi:^97r>/ hir^fi* 
it** 6 : 9 4i^6o 0B#M#»£-&T«S» 
JH-ibfeo 2 0niinfi©^ySICfil 

3 0mga*bfee 1 5 /xm . 

H4 5mm. g^l5 OmmO^S^T^y -Jr--^ — SrJBV 1 ' 
T^*b/c 0 Ztlbfrl 2 0 < CT*2B*WJKffiR«*^ 

[0071] z.<Dnm&i¥mMkL,xm^x, rm<Dx. 

^^^j»Jc«ttL^y^9^S«:fflV\ SflSKMfcJ:, 31 

i:D <^»^»a^iM<z)ia*e*Ky^!>^«:*»b 

Fv s L i/L i + (Oj6lffl-C5SjSj[«*tf ftofc 0 [H 1 
fc* ^j»«1*i4JB!I^fl|-fe^co»rffiia*:^i-o llilOO 
30 cm 3 (Dtfy^m^— , 2«->y=i^lfe, 3(^ffl 

[0 0 7 2] iSi^MLf^(Z)t^Lr, 

(^2 9 5) ^rfflv^r, ftlR^IK, W^rn^tbi 1 

[0 0 7 3] XjljctRROgSit 2ih>r^/^@^^m 

40 S*i& s . #77r4 Y 1 y*7J*#>tz.*) 3 3 6mAh/g ^ A 

TIB*T?«to*tt5®JI*yfc*dsi. 5% 
S: ^S^fb^= { ( 2 f-^f^/uB - (1 

oy-^f ?/un<Di&mmm } xioo/ uim^/pb 
^gcm^ft) [%] 

[0074] «^f^4»t•^^:i3v^T 1 b, iwdtufct 
[0075] <it^j 1 - 1 >mmm 1 1 iPiauc^ =*r 
50 tzT^K &ffim*WM^\z*<o&&su>ymmt\sX 
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fflV^Co 2 5 Ocm 3 <DtfV ^ U^^XIMC^^ r^/V 
DPA-35l£4g (r ^ 9 hCO 1 g 25/^ >^t?J> 
-5) . ftMftlk LTN-^^fcT n y KV£4 7. Og 

15^16. 3g &£X$ftWtm<D?ty*jT k 
mm^Z r 0 2 £ 1 2 5cm 3 &Ab7h 0 rMlOW^ 

[0 0 7 6] 2fM^/l-g<^S^*^7 
7r^M ^9A&7c9 1 4 OmAh/g <t/h£<, 
{^^3 9%t A#^o*l 0 ^tef^^&^T^ flj 

[0077] <&mmi-2>7ym^j*%7k^frwt£ 

«^ :3 ryiil!^^7r7^^GL-2 5 2 £ 

2£>Affi (7^/1^5 Owt%^^f) £3. 9 2g N ^ 
5 2(Z)B« (^fi§#J*§?K) £r 
0. 2 g. ^^S^MiLTtiV^liKAig^^^T^ 
MCS15£30. 6g. J: 5 

(ctK 5 8 . 6 6 g SriD*., H*£#J 

^/u-c»*s-er. ««»«.sr#fco y^m^^t??? 
U eounoMiU &v^i 5 o<ct*3 o^Ad 

[0078] <nmmi-2>^>^m^mt\^x 

x;l/DPA-3 5lOTU: a 2 5 0cm 3 ©^JJxf 
l/yS^A/C^x;UDPA-3 5 11:6. 5 8g 

£ LTN-^/H: 0 n y K^4 5. 1 3g . ^HI^J 

(^yr^y) »«S:o. 3 3g , AftSftfittp 

yfttSA^777^bKSl 5^:1 5. 4 3g^oJ: 
tWMfcffl^T^Ti: LTBtf£lmm<£>Z r 0 2 £: 1 2 5 
cm 3 SALfto /^>^Wi:^^^r-r ht<D&mtk 
lil0:90i45 o ^tbS: 1 0 B^IW^MftS^TWSa 

[0 0 7 9] rcoiB*. 2f->r^/i^soSk«S*^^7 

^T-r h 1 ?7J*$>1tV 3 2 ImAh/g £A£<, 
[0 0 8 0] <Iffii 1 - 3 1X^7 ^ 

«#y ^syftif^y^^trfiefflufc. #y ^wfci^y 

7=V (PVDF) l^yr^f-^PVDF (p°qffi 
SrffifflU/to ^^PVDFlOOli 



(10) W¥6-2 4 3 8 9 6 
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SUM, tf^/Uby^ (/3 ^ h^rv^: ^7V10 

1 0t^)2#ffLttlLWcgALt, PVDF 
is 9 ^ft^fc £ ^ 9 ^ b it S -tffc. 
[0 0 8 1] ^(Oi/7>^77>PVDFl. 7 1 g £: 
5 0cm 3 (^N-^^/^e°t3 y FXfcffiflfU 
fthK^77r>f hKS15*15. 4 3gSALT x 

10 [0 0 8 2] ja«^«fj«*ixfc^^^«i:«B«i:«r. ^ 
/f/i/^Xi;7!>l/- b&l 0 itfe**^ 

[0 0 8 3] 2^^/UB©»c«S*!& s ^? 
7r^f b 1 ^7Afcfc9 3 3 OmAh/g k^ <\ 

[0 0 8 4] <J*tfR0ill - 3 >^ IT^^r^ 

20 f^ttOPVDF (fpiWt-7 4 1) 

<£/8b/t 0 ^©PVDFl. 7 lg ^5 0od 3 (Z)N-^ 

b K S 1 5 £ 1 5 . 43g SA Lt, HJfiWI 

[0 0 8 5] r 2 1Nf ^/UB<P»«S*a s ^? 

7r^ b 1 ^9Afefc«9 3 2 OmAh/g k*l%fro1t&, 

mm / £ikm&*%< 1 o%i^iibfc 0 »ttttt»i?tt, 

i o 0fii-^T*s*lKbfe o 

[0 0 8 6] <^Ii 1 - 4 LT^V ^^f- 

30 yiig7y*^G-7 5 1«:«IU: 0 r^7ixi 
^fi^^^'f ^R^aKy /U*Sl«ffl2, 2 -If 
^ (4-t Kp^V7ji^) ^f7/^n/n^y 

(tf^^rc/ — MF) 3*1* 9 &*;ft/rV^ 

s e nas^ji - 1 kmmz7$y^u>>m<Dmiz.N-* 

f/Ufpy Ky*4 8. 9 4g©^ ^tLi-^^^^^ 
G-751fel. 3 3g»DL77i^^i*^^ 
/Co cltvi^Ca (OH) 2 (ifi/IftfSCALD I C — 
2000) 4:0. 08g. MgO (ffifPft^S^r a— !7 
•7^MA-150) ^0. 0 4g *5j:t^a ^ifttlHAaS 
40 tfyVy-< h S FG 2 5 4: 2 2 . 6 6g©Dt^-^^ 

^:Ca (OH) 2 :MgO=94 :5. 5:0. 

3 : 0. 2 (M*Jt) £#5 0 «Sa*«*H16^J 1 - 

«K»^<S*. 2^^^B^JS*««*fi^9^r-r b 
1 ^9^fefc«9 3 3 3mAh/g <^A^ < S*#ffc*f*l • 
2%t/h*^ofc 0 

[0 0 8 7] <^fe0ijl -5 >^g^y ^^-^t^K^^ 
50 /l^hi^y^-t?^ : 3^^b=l : 1 (^e/Ht) 



(11) 



>&m¥*6 - 2 4 3 8 9 6 
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<fc5i-^U ^*t£te^T9 o o'C-ei 01 

LTLiCo0 2 £#fc 0 

[0088] s<j >ym^mmK\^^^>^mm(oy 

, 7 |||g^i;l,DPA-3 5 1fflLfi 0 2 5 0cm 

4g (^<£>5^<£>lg >¥W&X*fr>%>) s *#3ffl 

i LTN-^/^o y 7. Og . ^MM 

yr^y) «?g*o. 2 g . mmmwt lthSisl i 

Co0 2 *14. 8 3g , »««j»Ji:bTP>ifaKA 
M77r^FKS15*0. 8 3g *3 J; V^tkffl O 7« 
r^Ti LTSDglmmC^Z r 0 2 * 1 2 5cm 3 &AL 
fe 0 MSJtf*. L i C o 0 2 :^777^h:^^ 
= 89:5:6 ir*S 0 rix«r 1 0l#M:»«£l£T«Si 
»Wtbfco £<£>«S&WS:2 Omm^cD^^^iC^Jl 
3 0mg&*Lfc o ££>«fi®|S|-S:Bt£ 15p, 

464 5mm, S£ 1 5 OmmCOT/^^ S^7/!i ^ — * 

[0 0 8 9] £<Z>«ffi«:ftUBffii:LT. ^*fe#J 1 - 1 t 

0mmm^^mmw^m^\ 2mA£>^fl« 

"C4 . 2^t>3. O^FvsLi/Li^KlTj 
L i C o 0 2 1 1 1 OmAh/g <tA£<. S 

[0090] iiB^raaftg^apttKifc^isv^-c 

[0 0 9 1] <Jfc<R0ill -4 LX^Vf^ 
f-^i©PVDF (fpiWt-7 4 1) 
fiEfflbfco :©PVDF1. 0 Og *5 Ocm 3 <DN-j> 
K>i^£?U £*U£jEffiS»«i: LTL i 
Co0 2 *14. 8 3g , mm^fflt UTn>-tftt«^ 
777^ffKS15*0. 8 3g # <fc tf#1IWB <Z> 7* 
7t LTiS^lmmCOZ r 0 2 * 1 2 5 cm 3 SALfco S 

LiCo0 2 :^777Yf:^V^=8 
9:5: 6£*£ 0 £JIT, ISJfiW 1 - 4 t P«(D»fp«: 

[0 0 9 2] ^jSfe«K»(^J»*«, 2 ^ B 
WLiCo0 2 1 ^9^fcfct? 8 OmAh/g 

[0 0 9 3] »*tt«*(Cl*3V>Tt>, *J*Lfcfc 

<Dt* 1 0 0ffi<hM/^o/i 0 

[0094] <nmm i - 6 >m 2 ic^-rm^mm^ 

5 Ommf^WLTffli^o ^»M(7)J?$fi9 
0/im -e&ofe 0 iEfili 3^ttjafe«ui-5-e^KL^ 

SffiSrfi* 5 0mm^§J»rbrfflv^o E«CQSHSOffS 
te7 0*im -Cfeofeo ftffi*5J:^ffi^**t^^Sf|5C 



20 



K^t/NV-^l5i:Sr, t#«l6 (^llfiffil l <7>fliW 
?Ri:^C) trnzMMtr— * 1 1 4M£itALTffl;«l,k L 
fco w<£>ffl** 1 OmA^^mffiT^Bb, 4. 2*Vuh 

fc. 

[00 9 5] £ 2iNf ^/UBiJS.fctM 0^4? 

/UB<D$kmmmK #M5 0mAh/gT?**<B£ffcfci:Bie> 

[00 9 6] <Jfc(fc« 1-5 >&m\ZtiMM 1 - 3 t?f^ 

SrJB^T, ^ffi^Jl -6 i^iiaTl«»4t 

fee 

[0 0 9 7] r<Z>®«U;iOV^ 1 - 6 t 

3E»«£»9 3gLfci£5, 2f->T^^BOjSS«** 
4 5mAh/g ifi<ftot*5t), lOt^f^/l' 

B 0>*fc«3g*;as. 4 OmAh/g £ * 9, sg*#{fc*asJKJ l 
l%^^iSbfc 0 
20 [00 9 8] HJfifla 2 

[00 9 9] <HM^J 2-1 — 2-4 >f%m^s<;l' ^ 2 

oog, «yf!)Aioog^<^ 8M*ufct> 

CO*, -fe^s^ ^Sg/^^J-AttT. ^#HftT\ 
7 0 0 , C-e5NFra*DjRLfeo ¥L#T?tMSN&3S* 

tfr(c:<J;>9 L i CoOiffcSiiiSrilBlfc. 
[0 10 0] ±SESftKS:fflVN"C«ffiSWafi!cft 

5. 

[0101] 

gftlLiCoO, 100 fiftgP 

(hs i o o : asiffc^iJIthS!) 

^777^h 6 fifigfl 

(KS44:n ^IfttK) 

(Si d^LTh) 

40 mtmutmt&to 1 s*^ 

N-^f/HftiJi K> 180 figg!5 

[0 10 2] /^/M£T 1 oBsrea 

(btbfcS:11^3m-*/¥^2 0 ^m <£>7Vl^ ^ ^A^ODf^E 

^LS*tTV>. Bffia<©>tffi©IRffdS7 o Mm 
50 tt^jtMlD^Bfrffiffi LT\ *D*«)BE 1 5 0 K e V, « 
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&fl3E2 OmA. flBJtjR*2 OMr a d^ftTT*N 2 # 
iBSI5Sr5iiim(^(6"e«8gJiS:l»*bT2 OmmAoWEJlSr 



(12) 



6-243896 



at 

[0 10 3] 
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m m b m (mAh/ g ) 













5 


10 


15 


20 




A 


HYLAR720 




127 


125 


124 


124 


123 




B 


HYLAR2800 




119 


119 


117 


115 


116 


HWJ2-3 


C 


HYLER2800 




131 


130 


130 


130 


129 


HWJ2-4 


D 


HYLER2800 




120 


119 


119 


118 


118 


5l»j2-5 


E 


HYLER2800 




122 


118 


111 


106 


100 


it*fcW2-l 


G 


HYLAR720 




115 


113 


90 


84 


76 


JtlRW2-2 


H 


HYLAR2800 




112 


107 


21 


0 


0 



HYLAR720 
HYLARZ80D 



[oio4] z.fob<Dmm*wmut itffit\ Tia^> 
x o \z. umafiffii 2-1-2-4 <Dftmn%f\±mfem~t 

[0 10 5] ^ffi^^^BBSi^tt^^^jlfe^SgsttLfc 

4mA0)^«tW^3#/l'hj&>£>4. 2^fv s L i/L 
i + (OffiH-e^EScttSrfTo /c 0 

[0 10 6] 3E***ftt«3effl-fe^O«5att, Uttffill 

[0107] <2ast« 2-5 >±mmi&m 2-1-2- 

[0 10 8] #cfc, ±ISSftKS:^v^T«ffi26J|sHafi!c«; 

[0109] 8«i^ffi6S;tti 

L i C 0O2 10 0 

r-fe^i/v^y ^ 2 
(hs 1 0 0 : n&fc¥i:mftM) 

fy^T^ h 6 
(KS 4 4 : n^if%h») 



m 



N-^f/Ufny Ky 180 fiftSP 

[0110] ±ffiffi/&^£, *n 

30 igmjEl 5 OKe V, mffiS^OmA, MftMft4 0M 
-C««ES:{fr£U ±EtP«{CL-Clllfe0«2-5-fe/u 

[0111] <Jt«09 2-1, 2-2 >j(fcftj»JK{fc*aS 
Srfi**^ iW^ttHJfi0»j2 - 5 tP«0*ffi-e«ffi 

2-2<D^/^i^mi^mm<D^^n^t^ 0 ^sea* 
m 1 (^l/c 0 

40 [0 1 1 2] Si £9, ##W<Z>lllfi0J<^«8iA, 

C, D, E&Jfl^fcJ&ft0l2 - 1 —2 - 5<D*fe/W*jfe» 

L^mffiE£ffli^^ffi#J2-5^/W3. SrF-* SrflB 

fflV^clllfcW 2-1-2-4 <D'KM'Zm¥BMkt1&&& 

^50 /h^vNtcfed^^fertta^ft^s^iPiibTu^^ 



(13) 
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[0 113] <HJ6«2-6--2-9>ffi4&«i:LT^ 

[oi i4] ® 



(K S 4 4 : n ^ttSD 
(*2 i^Lfc) 



10 0 



18 0 



24 



10 



[0 115] ±K»fiEtt*#-/^/H£Tl 0fl#WJJE * 

» 2 



fHDSoK-ffi^Biffsas l o 0 /xm i & 5 £ 5 kitRL 

i£3SB«M£JflLT, Mtffl50KeV, tfell2 
OmA, fiS,ttHfi2 OMr a d CQ^TT*N 2 #H^Ti- 

jSLfcttW*, JK2 5mm s tft 2 Ommi^^fb, ±.%&&$: 
5mm<Z)ifiI^fl;flJf £r|&^LT2 0 mm^l <DWL$&S L 

*#S>h*»U «ffiH> I, J. K (*2) tbfco 
[0 116] 
[*2] 













m 


S S 


; (mAh/g) 












5 


10 


15 


20 


HMJ2-6 


H 


HYLAR720 




325 


319 


322 


320 


318 




I 


HYLAR2800 




332 


329 


325 


327 


325 




J 


HYLAR2800 




351 


345 


349 


343 


341 


HJWM2-9 


K 


HYLAR2800 




319 


319 


317 


316 


315 


HJ6W2-10 


L 


HYLAR720 




309 


298 


295 


294 


276 


n«j2-ii 


M 


HYLAR2800 




281 


286 


281 


265 


251 




N 


HYLAR720 




304 


261 


232 


191 


165 




0 


HYLAR2800 




234 


209 


177 


94 


31 



HYLAR720 
HYLAR2800 

[0117] z.thb<Dmm%{ / ?mmt lt/bv 

2-6~2-9<0-fe^*f1s|!!U T1fc<D£o\ZlsXftML 

[oils] nm&£xfi&mmia*^?>mizmmL>t£ 

4mA<7?3£tt«IET?O^Uhd^fe 1 ^Fv s L i /L i + 

[0 119] <5e«6«l 2 — 1 0*5i;t/2-l 1 >MMm 
2-6^2-9 tmm. »f^UT^77r^ff«:ffl 

[0120] aiS»£hfo&tt 

^777^ff 100 fiftgfl 

(KS 4 4 : n^-iPttS!) 

V^-tt 8 fifigP 

(*2 i^L*:) 



^N-^WPy 180 s;*ss 

[0121] ±ffi»j£«lS:fl3v\ *»j»«l{kft!;3ffiftf4= 
Sr. JDiimjEEl 5 OKe V, ®J&m?ffi2 0mA. iW^t 
4 OMr a d £ Lfc^fiUJfiW 2 - 6 — 2 - 9 tii 
<Z^j£-e«lL, MSrffrfcU HJfc#J2- 1 0*S<fct*2 
-1 l (Dir/i^fNKU ±|Ei:lRlfilJ2:Lr«ffiO«»Sr 
ffotz.. ^<^*£^2f£;^L/c 0 
40 [0122] < Jt«S!« 2 - 3 , 2-4 > Jbffifiric* «: , 
^#t^{t^^tT^^V^^JM^^II^J2- 1 0, 
2-11 £P«W#ffiT«fiiN, OSrfftSU Jt(R0J2 
-3. 2-4^ir/uSrf^»!U ««^K*SrtTofc 0 * 
<0iB*fc*2fc:^Lfc. 
[0123]S2J:^ *»Il»l(iH, I, 
J, K«rffl^fc^Jfc0y2-6, 2-7. 2-8. 2-9 

tf, *2<7>i*>r^^T?^j!ftffl:s»S:JtB!t*st, s:® 

^50 H N I N J „ K£J^fc|£Jfe0iJ2-6. 2-7, 2- 



(14) 



|^P6 - 2 4 3 8 9 
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ItiH, I, J. K. L. M*/flV^Htt0iJ2-6 — 2 
0*2 -4G0i?/l^tf:l£LT, *ffi{ClSfe««a^f&i_bL.T 

[B2] y^^^2»cs:fife©»fiR«©Bfffiiat?s>So 

l tf— — 
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* 2 
3 



10 



4 
5 
8 
9 

1 1 
1 2 
1 3 
1 4 
1 5 
1 6 



[01] 



12] 



8 — ■ 




3 




17 n V h^— S*Z>jg8# 



(72)5 



KSCa5**E0*«-Tai3#l-g- 
(72)^P^# 'iTTK RBM 
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preferably a fluorine-containing one. Particularly, a crosslinking agent is preferably polyamine, polyol, peroxide. A 
crosslinking assistant for the peroxide is preferably that crosslinked by using triazine dithiol. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to a lithium secondary battery. 
[0002] 

Pescription of the Prior Art] As a power supply for driving portable electronic equipment etc., a rechargeable battery is used 
from the purpose of economical efficiency or saving resources, and the use is expanded quickly in recent years. Moreover, 
with the miniaturization of electronic equipment, and highly-efficient-izing, it is lightweight and, as for the cell used, it is 
called for small and that it is high capacity. On the other hand, as a rechargeable battery, a lead cell, a nickel-cadmium battery, 
etc. are used conventionally. In recent years, the non-drainage system lithium secondary battery of high-energy density is 
proposed or put in practical use. 

[0003] However, in order that the lithium secondary battery using nonaqueous electrolyte may use a non-aqueous solvent as 
an ionic conduction medium, as compared with the conventional rechargeable battery using solution, its electrolytic ionic 
conduction speed is small, and it has the trouble that current density is small. 

[0004] In order to improve such a trouble, methods, such as enlarging the surface area of an electrode and enlarging a touch 
area with an electrolyte, are proposed. That is, on charge collectors, such as a thin metallic foil, the electrode paint containing 
an active material and a high-molecular-compound binder is painted, the electrode layer of a thin layer is formed, and 
methods, such as a laminating or winding spirally, are performed through separator etc. in them. For example, nonaqueous 
electrolyte is used for JP,63-121260,A and it is LiCo02 as a positive electrode. And/or, LiNi02 It uses and the lithium 
secondary battery using carbon as a negative electrode is indicated. Such an electrode binds a particle-like electrode active 
material with the binder which made the high molecular compound the subject, and forms the electrode layer. 
[0005] However, in order for the adhesion of the interface of a charge collector and an electrode layer to get worse and for the 
service capacity of an electrode to fall if charge and discharge are repeated many times when forming an electrode layer on 
charge collectors, such as a metallic foil, a cycle life is not enough and there are problems, like the fines of the electrode layer 
which fell out from the charge collector cause a short circuit. 

[0006] As one of the causes of these, generating of defects, such as an interface of an electrode layer, a charge collector 
interface, an active material, the interface of an electrical conducting material and an active material, and a binder resin, can 
be considered by expansion and contraction of the active material by the dope of Li ion in charge and discharge, and the ** 
dope. Moreover, problems, such as a conductive fall of the electrode layer by aggravation of the adhesion of the charge 
collector and electrode layer interface by swelling by nonaqueous electrolyte or the dissolution of the oxidation reduction 
**** decomposition in the charge and discharge of the high molecular compound used as a binder or a high molecular 
compound etc., destruction of the network of the electric conduction material by the swelling of a high molecular compound, 
etc., are also produced. 

[0007] When charge and discharge are repeated according to the above causes, the capacity of a cell falls and the problem 

that the life of a cell becomes short arises. 

[0008] 

[Problem(s) to be Solved by the Invention] The main purpose of this invention is offering a lithium secondary battery with 
few capacity falls when setting like an assembler, and being able to prevent defluxion of positive-electrode material or 
negative-electrode material, and repeating charge and discharge. 

[0009] Other purposes of this invention have the capacity fall when repeating charge and discharge, where current density 
and capacity are enlarged in offering the rechargeable battery excellent in reliability with a life it being few and long. 
[0010] 

[Means for Solving the Problem] Such a purpose is attained by this invention of following the (1) - (1 3). 

(1) The lithium secondary battery with which it is the lithium rechargeable battery which uses carbon for negative-electrode 
material and uses for positive-electrode material the stratified compound or carbon in which intercalation or a dope of a 
lithium ion is possible, and negative-electrode material and/or positive-electrode material are characterized by having pasted 
the current collection body surface with the binder containing a crosslinked polymer. 

(2) The aforementioned crosslinked polymer is the lithium secondary battery of the above (1) which is made to dissolve the 
macromolecule before bridge formation in an organic solvent, dries after applying the constituent which this solution was 
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distributed and adjusted the powder of an electrode material to it on a charge collector, and is constructed for which a bridge 
and obtained. 

(3) The above (1) or (2) lithium secondary batteries with which the aforementioned crosslinked polymer contains a fluorine 
and a bridge is constructed over it by polyamine, the polyol, peroxide, or the triazine dithiol. 

(4) The above (1) over which the aforementioned crosslinked polymer constructs a bridge with water in the polyvinylidene 
fluoride which graft-ized the silane compound, or (2) lithium secondary batteries. 

(5) The aforementioned carbon is 1 -30 micrometers of mean particle diameters. The above (1 ) which is graphite, or one 
lithium secondary battery of (4). 

(6) The above (1) using the mixed solvent which made ethylene carbonate the principal component as an electrolytic solvent, 
or one lithium secondary battery of (5). 

(7) The lithium secondary battery characterized by for the electrode layer which constitutes a negative electrode and/or a 
positive electrode painting the constituent containing an active material and the high-molecular-compound binder which 
contains the fluorine system high molecular compound which can be hardened by radiation irradiation, and forming it on a 
charge collector in the rechargeable battery equipped with the nonaqueous electrolyte containing a lithium content electrolyte, 
and performing radiation-curing processing. 

(8) The lithium secondary battery of the above (7) whose content of the aforementioned fluorine system high molecular 
compound is 50% of the weight or more of a high-molecular-compound total amount in the aforementioned 
high-molecular-compound binder. 

(9) The aforementioned fluorine system high molecular compound is the above (7) or the lithium secondary battery of (8) 
with which the radiation-curing nature machine was introduced into the molecule end or the molecule side chain, and the 
radiation-curing nature was promoted. 

(10) The above (7) in which the constituent which forms the aforementioned electrode layer contains the radiation-curing 
nature compound which has two or more units of bases which have a radiation-curing nature unsaturation double bond, or one 
lithium secondary battery of (9). 

(11) The lithium secondary battery of the above (10) characterized by being the allyl group the basis which has the 
aforementioned unsaturation double bond is indicated to be by the following-ization 3. 

[0011] 
[Formula 3] 

R 
I 

— CHa — C ^ C H 2 



[0012] (12) The lithium secondary battery of the above (10) which is the acryloyl machine in which the basis which has the 
aforementioned unsaturation double bond is shown by the following-ization 4. 
[0013] 
[Formula 4] 

o R 
II I 

-C-C=CH 2 



[0014] (13) The above (9) whose content of the aforementioned radiation-curing nature compound is 0.1 - 50 weight section 

to the high-molecular-compound total amount 100 weight section, or (12) lithium secondary batteries. 

[0015] 

[Function and Effect] In this invention, since the paint film of the end of a carbon powder and stratified compound powder 
which are used as an active material of the positive electrode of a lithium secondary battery or a negative electrode is fixed to 
a current collection body surface, the binder containing the above-mentioned crosslinked polymer is used. For this reason, 
defluxion of the active material which the adhesive property of the paint film of active material powder becomes good, and 
can be set like a cell erector can be prevented, and the lithium secondary battery of high capacity is obtained. Moreover, the 
aforementioned crosslinked polymer is not dissolved in the non-aqueous solvent used for the electrolytic solution. In the 
lithium secondary battery using carbon as an active material, although cell capacity will improve remarkably if the mixed 
solvent of ethylene carbonate and diethyl carbonate is used as a solvent of the electrolytic solution, since the conventional 
binder used for the lithium secondary battery dissolves in the above-mentioned mixed solvent, when charge and discharge are 
repeated, an active material will drop out of a current collection body surface, and a charge-and-discharge cycle life will 
become short. However, in order not to dissolve in the above-mentioned mixed solvent, the good lithium secondary battery of 
a charge-and-discharge cycle life realizes the above-mentioned crosslinked polymer used by this invention. 
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[0016] By the way, invention about improvement of a lithium secondary battery is indicated by JP,3-222258,A. The lithium 
secondary battery of this invention is a lithium iron-sulfide cell using [ using an iron sulfide as a positive active material ] a 
lithium board as a negative-electrode active material. In this invention, by using as a binder the thing which made water 
distribute the fluororubber which consists of hexafluoropropylene and a copolymer of a fluoride vinylidene, iron-sulfide 
powder is applied to the charge collector of a positive electrode, and it is making to prevent exfoliation of the iron sulfide 
from a charge collector into the effect. 

[0017] although the fluorine system rubber used by this invention is one sort of the binder used by this invention -- a lithium 
iron-sulfide cell and the lithium secondary battery of this invention - the principle of operation — completely — differing - 
both positive-electrode material and negative-electrode material -- although - it differs In the lithium secondary battery of this 
invention, adhesion to a charge collector has chosen the above-mentioned crosslinked polymer as an especially suitable 
binder for the very difficult end of a carbon powder, or stratified compound powder. Moreover, about a charge-and-discharge 
cycle life, it is not indicated at all by this official report, but there is also no publication of a purport using the mixed solvent of 
ethylene carbonate and diethyl carbonate in it. 

[0018] Actually, the adhesive strength of an electrode material is very weak, and the outside where this inventions used 
graphite as an active material has dropped out easily, when a ******** electrode is produced to the publication of 
JP,3-222258,A. 

[0019] Moreover, in this invention, when radiation-curing processing was performed using the binder which contains the 
fluorine system high molecular compound which can be hardened by electron beam irradiation, the homogeneous electrode 
layer of a thin layer could be formed and it became possible to prevent degradation of the binder in charge and discharge. 
[0020] Furthermore, adhesion with a charge collector and the chemical stability of the binder at the time of charge and 
discharge are sharply improvable by including the compound which has two or more units of radiation-curing nature 
functional groups. 

[0021] Therefore, the rechargeable battery of this invention has the small capacity fall when being able to improve service 
capacity and repeating charge and discharge, and it can improve a charge-and-discharge cycle life sharply. 
[0022] Therefore, even if the rechargeable battery of this invention enlarges current density, the battery life when repeating 
large capacity and charge and discharge can use it as the long lithium secondary battery which was excellent in reliability. 
[0023] In addition, when perfonning radiation-curing processing like this invention using the binder which contains the 
fluorine system high molecular compound which can be hardened by electron beam irradiation, the active material of a 
positive electrode and a negative electrode can be extremely chosen from the material of the latus range, and, moreover, the 
property as a cell is good. 
[0024] 

[Elements of the Invention] Hereafter, the concrete composition of this invention is explained in detail. 
[0025] Carbon will be used for negative-electrode material if the lithium secondary battery by this invention is divided 
roughly. The stratified compound or carbon in which intercalation or a dope of a lithium ion is possible is used for 
positive-electrode material. The lithium secondary battery by the 1st mode in which negative-electrode material and/or 
positive-electrode material pasted the current collection body surface with the binder containing a crosslinked polymer, and 
were formed, The electrode layer which constitutes a negative electrode and/or a positive electrode on a charge collector An 
active material, It is divided into the lithium secondary battery by the 2nd mode which paints the constituent containing the 
high-molecular-compound binder which contains the fluorine system high molecular compound which can be hardened by 
radiation irradiation, is formed, and radiation-curing processing is performed and is formed. Hereafter, the composition of the 
lithium secondary battery by the 1 st and 2nd modes is explained along with each. 

[0026] The lithium secondary battery of the lithium secondary battery this invention by the 1 st mode is used for 
negative-electrode material by making carbon into an active material, and a lithium ion uses it for positive-electrode material 
by making into an active material the stratified compound or carbon in which intercalation or a dope is possible. 
[0027] The thing of a publication is mentioned to JP,62-23433,B, JP,3-137010,A, etc. that what is necessary is just to choose 
from nature or artificial graphite, resin baked-carbon material, carbon black, mesophase carbon black, resin baked-carbon 
material, a vapor-growth carbon fiber, a carbon fiber, etc. suitably the carbon used as an active material. These are used as 
powder, a thing desirable [ among these ] -- graphite - it is - the mean particle diameter - 1 -30 micrometers especially - 
5-25 micrometers it is -- things are desirable When a mean particle diameter is too small, it is in the inclination for a 
charge-and-discharge cycle life to become short, and for dispersion in capacity (individual difference) to become large. If a 
mean particle diameter is too large, dispersion in capacity will become remarkably large and average capacity will become 
small. It is thought of for dispersion to arise in contact to graphite and a charge collector, or contact of graphite that dispersion 
in capacity arises when a mean particle diameter is large. 

[0028] the multiple oxide in which a lithium ion contains a lithium as a stratified compound in which intercalation or a dope 
is possible - desirable - for example, LiCo02, LiMn02, and LiNi02 etc. -- it is mentioned As for the mean particle 
diameter of the powder of a stratified compound, it is desirable that it is about 1 -40 micrometers. 

[0029] In addition, when electrolytic anions (C104-, BF4-, PF6-, etc.) go in and out in connection with [ when carbon is used 
for positive-electrode material ] charge and discharge in a positive electrode and the above-mentioned stratified compound is 
used for positive-electrode material, in connection with charge and discharge, a lithium ion goes in and out. 
[0030] In this invention, both material is preferably pasted up on a current collection body surface with the above-mentioned 
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negative-electrode material and/or positive-electrode material, and the binder containing a crosslinked polymer. 
[003 1] As the aforementioned crosslinked polymer, the thing containing a fluorine is desirable, especially as a cross linking 
agent Hexamemylenediarnine carbamate, N, and N'-JISHINNA millimeter DIN -1, six hexanediamines, Polyamine, such as a 
4 and 4 , -methylene-screw-(cyclohexylamine) carbamate Bisphenol A F [2 and 2-screw (4-hydroxyphenyl) hexafluoro 
propane], Polyols, such as bisphenol A [2 and 2-screw (4-hydroxyphenyl) propane] Peroxide, such as 2, 5-dimethyl -2, 5-G 
t-butyl par OKISHEHE Korean geisha, 1 , and 3-screw-(tert-butyl peroxide-isopropyl) benzene, And that over which it 
considered as the bridge formation assistant of peroxide, and the bridge was constructed using triazine dithiols, such as triallyl 
isocyanurate;6-dibutyl amyl-1 ,3, 5 -triazine -2 and 4-dithiol, is desirable. For example, what constructed the bridge by the 
aforementioned cross linking agent in at least one sort of fluororubbers, such as a fluoride vinylidene-6 fluoride [ propylene ] 
copolymer, a fluoride vinylidene-6 fluoride [ propylene ] -ethylene tetrafluoride copolymer, an ethylene tetrafluoride-propylene 
copolymer, an ethylene tetrafluoride-propylene-fluoride vinylidene copolymer, and a perfluoro system fluororubber, is 
desirable, the compound 100 weight section by which a bridge is constructed over the addition of a cross linking agent - 
receiving — usually — 0.5 - 10 weight section — it is 1 - 5 weight section grade preferably 

[0032] Especially among the above-mentioned cross linking agents, especially the polyols whose charge-and-discharge cycle 
property of a cell improves are desirable. 

[0033] Moreover, a bridge may be constructed with water and the polyvinylidene fluoride which graft-ized the silane 
compound may be used. The silane bridge formation polyvinylidene fluoride is indicated by JP,2-1 15234,A, for example. 
[0034] Especially a desirable thing is the crosslinked polymer of a rubber system among the above-mentioned crosslinked 
polymers. By using the crosslinked polymer of a rubber system, internal resistance can be made small and especially the 
performance at the time of heavy loading improves. It is thought that the fall of internal resistance originates in the shape 
anisotropy of an active material particle and its orientation. The carbon used as an active material, especially graphite are 
flat-like particles with the layer structure. When a flat-like particle is applied to a current collection body surface by the 
applicator etc., a particle shows the inclination in which the stratification plane carries out orientation into the field of a charge 
collector. Since a polyvinylidene fluoride has a lamella structure, the aforementioned orientation will be promoted if this is 
used as a binder. Although it discharges by emitting a lithium as ion from between carbonaceous layers in a lithium 
rechargeable battery, if the stratification plane of a carbon particle is almost parallel to a current collection body surface, a 
lithium ion will be prevented from being spread in the electrolytic solution from between layers, and internal resistance will 
increase. On the other hand, in order that a rubber system binder may take structure also with after [ random ] an application, 
the carbon particle after an application will be in a non-orientation state mostly, and the increase in internal resistance will be 
suppressed. 

[0035] In this invention, the macromolecule before bridge formation is dissolved in a solvent, after applying the constituent 
which this solution was made to distribute electrode material and was adjusted to it on a charge collector, it dries, and as for 
crosslinked polymers, such as the above-mentioned rubber system, being constructed a bridge and obtained is desirable. As a 
solvent which can dissolve a macromolecule as mentioned above, N-methyl pyrrolidone, an acetone, a methyl ethyl ketone, a 
methyl isobutyl ketone, a tetrahydrofuran, etc. can be used, for example. Thus, in using what dissolved the macromolecule 
before bridge formation in the solvent, compared with the case where the thing which made water distribute the 
macromolecule before bridge formation is used, the adhesive property over the charge collector of an electrode material is 
extremely excellent. 

[0036] In addition, you may use a crosslinked polymer as two or more sorts of mixture. Moreover, although other high 
molecular compounds other than the aforementioned crosslinked polymer, such as a polymethylmethacrylate (PMMA) and a 
polycarbonate (PC), may be contained in the binder, as for these, it is desirable to consider as the content below the 25 
volume % grade of the whole binder. 

[0037] As for the addition of a binder raw material, it is desirable to consider as 3 - 1 3 weight section grade to the 
electrode-material 100 weight section. If there are too few binder raw materials, an adhesive property will become 
inadequate, and cell capacity will become inadequate if there are too many binder raw materials. 

[0038] The electrolytic solution dissolves in a non-aqueous solvent, and prepares a lithium content electrolyte, as a lithium 
content electrolyte - LiC104, LiBF4, and LiPF6 etc. - from ~ what is necessary is just to choose suitably Although ether, 
ketones, and carbonate can be chosen from the organic solvent illustrated by JP,63-121260,A etc. as a non-aqueous solvent, 
for example, it is desirable to use carbonate especially in this invention. Especially among carbonate, it is desirable to use the 
mixed solvent which made ethylene carbonate the principal component and added one or more kinds of other solvents. As for 
these mixed ratios, it is desirable to be referred to as solvent-30-70:70-30 (volume ratio) besides ethylene carbonate:, since 
the congealing point of ethylene carbonate is solidifying in ordinary temperature highly with 36.4 degrees C as this reason -- 
ethylene carbonate — it is for being unable to use it as the electrolytic solution of a cell, if independent, but adding one or 
more kinds of the solvents besides a low of the congealing point, and making the congealing point low If the congealing point 
of ethylene carbonate is made low as other solvents, it is good anything. For example, the diethyl carbonate, dimethyl 
carbonate, propylene carbonate, 1 , 2-dimethoxyethane, methylethyl carbonate, gamma-butyrolactone, gamma-PARERO 
lactone, gamma-OKUTANOIKKU lactone, 1, 2 -diethoxy ethane, 1, 2-ethoxy methoxyethane, 1 , 2-dibutoxy ethane, 1, 
3-dioxo RAN AN, tetrahydrofuran, 2 -methyl tetrahyoYofuran, 4, and 4-dimethyl -1, 3-dioxane, butylene carbonate, etc. are 
mentioned. Cell capacity improves remarkably by using the aforementioned mixed solvent, using carbon as an active material. 
And although cell capacity will decrease rapidly by the repeat of charge and discharge since a binder dissolves by the 
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aforementioned mixed solvent when not using a crosslinked polymer as a binder of an active material, a charge-and-discharge 
cycle life improves remarkably by using the above-mentioned binder of a crosslinked polymer. 

[0039] As for the lithium secondary battery of the 2nd .mode of a lithium secondary battery by the 2nd mode, it is desirable for 
a high-molecular-compound binder to be that to which radiation-curing processing is performed, including the fluorine 
system high molecular compound which can be hardened by radiation irradiation. In this case, it is not necessary to limit 
material, such as an active material of a negative electrode, like the lithium secondary battery of the 1 st above-mentioned 
mode, and can choose from broad material, and the free design of a cell can be performed. And the charge-and-discharge 
cycle property of having excelled the time of using the aforementioned cross linking agent is shown. 
[0040] As a fluorine system high molecular compound which the binder of the above-mentioned electrode layer contains In a 
molecule, that what is necessary is just a thing containing a fluorine atom For example, a polytetrafluoroethylene, A 
denaturation polytetrafluoroethylene, poly hexafluoropropylene, A tetrafluoroethylene-hexafluoropropylene copolymer, a 
tetrafluoroethylene-perfluoroalkylvinyl ether copolymer, A poly trufTe RUORO ethylene and ethylene-tetrafluoroethylene 
copolymer, A fluoro ethylene-hydrocarbon system vinyl ether copolymer, a polychlorotrifluoroethylene resin, An 
e%lene-chlorotrifluoroethylene copolymerization band, the poly fluoride vinyl, A polyvinylidene-fluoride and fluoride 
vinylidene-hexafluoropropylene copolymer, A ** fluorine (meta) acrylate resin, 2-fluoro acrylate resin, A ** fluorine epoxy 
resin, a ** fluorine epoxy (meta) acrylate resin, A ** fluorine polyether resin, ** fluorine polyimide resin, ** fluorine 
polyester resin, ** fluorine poly amide resin, ** fluorine polycarbonate resin, a ** fluorine poly formal resin, ** fluorine poly 
ketone resin, a ** fluorine polyazo methine resin, a ** fluorine poly azole resin, Resins, such as a ** fluorine poly aryloxy 
silane resin; A fluoride vinylidene-hexafluoropropylene fluororubber, A fluoride vinylidene-tetrafluoroethylene fluororubber, 
a tetrafluoroethylene-perfluoroalkylvinyl ether fluororubber, A fluoride vinylidene-tetrafluoroethylene-hexafluoropropylene 
fluororubber, A fluoride vinylidene-tetrafluoroetJiylene-perfluoroalkylvinyl ether fluororubber, A 

tetrafluoroethylene-perfluoroalkylvinyl ether fluororubber, They are not independent or the things which are not necessarily 
limited to these although mixture can be raised, such as elastomers, such as a propylene-tetrafluoroethylene fluororubber, 
fluoro silicone rubber, ** fluorine phosphor ZENGOMU, a fluorine system thermoplastic rubber, and an elasticity 
fluororesin. 

[0041] Although the above-mentioned fluorine system high molecular compound has radiation-curing nature in itself, in order 
to get impudent in the radiation-curing nature, what denatured introducing a radiation-curing nature machine into a molecule 
end or a molecule side chain if needed etc. is sufficient as it. The radiation-curing nature machine introduced into a fluorine 
system high molecular compound has a desirable thing including about 2-10,000 unsaturation double bonds per molecule, 
such as an allyl group and an acryloyl machine. 

[0042] Although there is no limit in the molecular weight of the above-mentioned fluorine system high molecular compound, 
about weight-average-molecular-weight Mw: 5,000- 100,000,000 is desirable. Less than by 5000, molecular weight falls the 
intensity of an electrode layer and can prevent neither exfoliation of an interface with the charge collector by expansion and 
contraction of the electrode layer in charge and discharge, nor the omission from the electrode layer of an active material. If 
molecular weight surpasses 100,000,000, it will become difficult to paint the electrode layer of a thin layer. 
[0043] The high molecular compound which denatured introducing high molecular compounds, such as a polyolefine, a 
polymethylmethacrylate, a polycarbonate, and an epoxy resin, and molecule end other than the aforementioned fluorine system 
high molecular compound, and introducing a radiation-curing nature machine into a molecule side chain etc. may be 
contained in the high molecular compound contained in the aforementioned electrode constituent as a binder. 
[0044] Although there is especially no limit in the content of a fluorine system high molecular compound, it is desirable to 
contain 50% of the weight or more of the high-molecular-compound total amount used as a binder. The chemical stability at 
the time of charge and discharge becomes inadequate at less than 50 % of the weight, and the charge-and-discharge capacity 
of a cell and a cycle life get worse. 

[0045] Moreover, as for the content to the active material 100 weight section of an overall-height molecular compound, it is 
desirable to consider as 3 - 30 weight section grade. Under in 3 weight sections, the mechanical strength of an electrode layer 
falls, if charge and discharge are repeated, it will become impossible to prevent exfoliation of an interface with a charge 
collector, and omission of an active material, and the charge-and-discharge capacity of a cell will fall. If 30 weight sections 
are surpassed, the conductivity of an electrode layer will get worse, and a touch area with the electrolytic solution will fall by 
reduction of the opening of an electrode layer, and the capacity of a cell and current density will fall. 
[0046] The above-mentioned binder may be used with powder, without using a solvent, although it is usually used where the 
powdered charge of a cementitious material is dissolved or distributed using a solvent. What is necessary is not to limit 
especially the solvent to be used but just to choose it [ for the purpose of various solvents, such as water, methyl-ethyl-ketone, 
cyclohexanone, isophorone, N-methyl pyrrolidone, N.N-dimethyrformarnide, N, and N-dimethylacetamide and toluene, ]. 
[0047] It is desirable to contain the radiation-curing nature compound which ****** two or more units of bases which have a 
radiation-curing nature unsaturation double bond especially 2-12 times in the aforementioned electrode constituent. At this 
time, a very good charge-and-discharge cycle property can be acquired. As for the basis which has this radiation-curing 
nature unsaturation double bond, it is desirable that they are the allyl group expressed with ** 5 or the acryloyl machine 
expressed with ** 6. 
[0048] 
[Formula 5] 
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[0050] As the above-mentioned radiation-curing nature compound used by this invention For example, diaryl sebacate, a 
diallyl phthalate, triallyl trimellitate, ** allyl group compounds, such as a TORIMEJIN acid triaryl, a triaryl SHIANU rate, 
and triallyl isocyanurate; Ethylene glycol diacrylate, Diethylene glycol diacrylate, triethylene glycol diacrylate, 
Polyethylene-glycol diacrylate, tripropylene glycol diacrylate, 1, 3 butylene-glycol diacrylate, 1,4 butanediol diacrylate, 
1 ,5-pentanediol diacrylate, neopentyl glycol diacrylate, Hydroxy pivalate neopentyl glycol-ester diacrylate, 1 , 6 hexandiol 
acrylate, tripropylene glycol diacrylate, Trimethylolpropane triacrylate, the thoria chestnut rate of a trimethylol-propane 
alkylene oxide addition product, The thoria chestnut rate of a glycerol ARUKIRENOKI side addition product, a 
pentaeiythritol thoria chestnut rate, Pentaerythritol tetraacrylate, dipentaeiythritol pentaacrylate, Dipentaerythritol 
hexaacrylate, bisphenol A, the diacrylate of an alkylene oxide addition product, Tris acryloxy ethyl phosphate, screw 
AKURIRO yloxy ethyl hydroxyethyl isocyanurate, TORISUAKURIRO yloxy ethyl isocyanurate, oligoester acrylate, Acrylate 
compounds, such as epoxy acrylate and urethane acrylate; Ethylene glycol dimethacrylate, Diethylene-glycol dimethacrylate, 
triethylene-glycol dimethacrylate, A polyethylene-glycol JIMETA kuru rate, tripropylene glycol dimethacrylate 1, 3 
butylene-glycol dimethacrylate, 1, 4 pig JIREN all dimethacrylate, 1, 5 PENTA diol dimethacrylate, Neopentyl glycol 
dimethacrylate, hydroxy pivalate neopentyl glycol-ester dimethacrylate, 1, 6 hexandiol methacrylate, tripropylene glycol 
dimethacrylate, Trimemylolpropanetrimethacrylate, the trimethacrylate of a trimethylol-propane alkylene oxide addition 
product, The trimethacrylate of a glycerol ARUKI leno side addition product, pentaerythritol trimethacrylate, Pentaerythritol 
tetrapod methacrylate, dipentaerymritol pentamethacrylate, Dipentaerythritol hexamethacrylate, the dimethacrylate of 
bisphenol A and an alkylene oxide addition product, Tris METAKURIROKISHI ethyl phosphate, 

BISUMETAKURIROIROKISHI ethyl hydroxyethyl isocyanurate, TORISUMETAKURIRO yloxy ethyl isocyanurate, oligo 
ester methacrylate, Methacrylate compounds, such as epoxy methacrylate and urethane methacrylate; Ethylene 
GURKORUJI-2-fluoro acrylate, Diethylene GURIKORUJI-2-fluoro acrylate, TORIECHIRENGURIKORUJI-2-fluoro 
acrylate, Polyethylene GURDCORUJI-2-fluoro acrylate, TORIPUROPURENGURIKORU-2-fluoro acrylate, 1, 3 butylene 
GURIKORUJI-2-fluoro acrylate, 1, 4 butadiene JIORUJI-2-fluoro acrylate, 1, 5 pen TAJIORUJI-2-fluoro acrylate, neopentyl 
GURIKORUJI-2-fluoro acrylate, Hydronalium KISHIBI valine acid neopentyl glycol S TERUJI-2-fluoro acrylate, 1, 6 
hexandiol-2-fluoro acrylate, tripropylene GURIKORUJI-2-fluoro acrylate trimethylol-propane tree 2-fluoro acrylate, The tree 
2-fluoro acrylate of a trimethylol-propane alkylene oxide addition product, The tree 2-fluoro acrylate of a glycerol alkylene 
oxide addition product, Pentaerythritol tree 2-fluoro acrylate, pentaerythritol tetrapod-2-fluoro acrylate, Dipentaerythritol 
PENTA-2-fluoro acrylate, dipentaerythritol hexa-2-fluoro acrylate, The G 2-fluoro acrylate of bisphenol A and an alkylene 
oxide addition product, Tris-2-fluoro acryloxy ethyl phosphate, screw-2-fluoro AKURIROIROKISHIECHIRU hydroxyethyl 
isocyanurate, Although independent or mixture, such as fluoro acrylate, such as tris-2-FURUORO AKURIRO yloxy ethyl 
isocyanurate, oligo ester-2-fluoro acrylate, epoxy-2-fluoro acrylate, and urethane-2-fluoro acrylate, are suitable It is not 
necessarily limited to these. 

[0051] The content of the above and a radiation-curing nature compound has 0.1 - 50 weight section, especially desirable 1 - 
20 weight section to the high-molecular-compound total amount 100 weight section. Crosslinking density is small and under 
the 0.1 weight section is not enough as the improvement effect of service capacity and a charge-and-discharge cycle life. If 50 
weight sections are surpassed, the mechanical strength of an electrode layer falls on the contrary, and the improvement effect 
of a charge-and-discharge cycle life is not enough. 

[0052] Radiation-curing processing is performed to an electrode layer after film formation. The method of hardening 
processing should just follow well-known various methods. 

[0053] When using ultraviolet rays on the occasion of hardening processing, in the fluorine system resin mentioned above and 
a radiation-curing nature compound, it is desirable that a photopolymerization sensitizer is added. 
[0054] As this photopolymerization sensitizer, conventionally, it is easy to be well-known, for example, sulfides, such as 
quinones, such as ketones, such as benzoin systems, such as a benzoin methyl ether, benzoin ethyl ether, and alpha-methyl 



6 of 12 



'8/29/02 3:25 PM 



http7/www4 .ipd l.jpo.go.j p/cgi-bin/tran_web_cgi_eije 



benzoin, a benzophenone, an acetophenone, and a screw dialkylamino benzophenone, aceto RAKINON, and a phenan truck 
quinone, benzo J1RUSURU feed, and tetxamethylthiixrammonosulfide, can be mentioned. The content of a 
photopolymerization sensitizer has the desirable range of 0.01 - 10 weight section to the fluorine system resin 100 weight 
section. Ultraviolet-rays electric bulbs, such as for example, the xenon discharge tube and a hydrogen discharge tube, should 
just be used for UV irradiation. 

[0055] It is convenient to irradiate an absorbed dose preferably 100-750kV of acceleration voltage, on the other hand, using a 
1 50-300kV radiation accelerator as a radiation property so that 1-100 megger RADDO may become in using an electron ray 
for hardening processing. Moreover, as for the atmosphere at the time of electron beam irradiation, it is desirable that it is 
among inert gas atmosphere, especially nitrogen atmosphere. 

[0056] You may add additives, such as carrier acid, to the mixture of the above-mentioned fluorine system resin and a 
radiation-curing nature compound. As carrier acid, conventionally, it is easy to be well-known, for example, a magnesium 
oxide, a calcium hydroxide, etc. are mentioned. The content of carrier acid has a desirable range about 1-15 weight section 
to the fluorine system resin 1 00 weight section. 

[0057] In the rechargeable battery of this invention, ****** of a negative-electrode active material is [ lithium ion ] good in 
doping or the carbon material in which an intercalation is possible, a conductive polymer or a lithium metal, and a lithium 
alloy. As a carbon system material, the thing of a publication can be used for JP,62-23433,B, JP,3-137010,A, etc. that what is 
necessary is just to choose from graphite, carbon black, mesophase carbon black, resin baked-carbon material, a gaseous 
layer growth carbon fiber, a carbon fiber, etc. suitably. 

[0058] A conductive polymer can use a thing given in JP,61-77275,A etc. that what is necessary is just to choose from a 
polyacethylene, a polyphenylene, the poly acene, etc. 

[0059] Although especially a positive active material is not limited, a lithium ion Doping or the metallic compounds in which 
an intercalation is possible, ****** is good in a metallic oxide, metallic sulfide, a carbon material, or a conductive polymer. 
For example, LiCo02, LiNi02, LiMn02, and Li2 Mn 204, V2 05, TiS2, MoS2, FeS2, a polyacethylene, the poly aniline, 
polypyrrole, the poly thiophene, the poly acene, etc. are mentioned, and the thing of a publication is mentioned to 
JP,61-53828,B, JP,63-59507,B, etc. 

[0060] In addition, when using a metallic-oxide metallurgy group sulfide etc. for a positive active material, it is desirable as 
an electric conduction agent to contain carbon materials, such as carbon black, such as acetylene black and KECHIEN black, 
and graphite. 

[0061] It is desirable to use the nonaqueous electrolyte containing a lithium content electrolyte for the electrolyte used for the 
rechargeable battery of this invention, although not limited especially as a lithium content electrolyte — LiPF6, LiBF4, 
LiC104, LiAsF6, and LiCF3 S03 etc. - from - what is necessary is just to ****** suitably As a medium holding an 
electrolyte, non-aqueous solvents, such as an organic solvent, and a high molecular compound, ceramic material, are used. 
[0062] Although not limited, especially as a non-aqueous solvent, for example Dimethyl sulfoxide, A sulfolane, ethylene 
carbonate, propylene carbonate, gamma-butyrolactone, gamma-valerolactone, gamma-OKUTANOIKKU lactone, 1, 
2-diethoxy ethane, 1, 2-dimethoxyethane, 1, 2-dibutoxy ethane, 1, 3-dioxolane, A tetrahydrofuran, 2-methyl tetrahydrofuran, 
and a polyether, What is necessary is just to choose from independent or those mixture, such as the poly methylol siloxane 
containing polyester, the poly imine, or a polyether segment, poly force FAZEN, and methacrylic esters. 
[0063] Although there is especially no limit in the amount of the electrolyte dissolved in a non-hyphydrogamy object, about 
0.1-2 Mol/1 is desirable. 

[0064] That what is necessary is just to carry out according to a conventional method for manufacturing the electrode for 
rechargeable batteries of the manufacture this invention of an electrode, mixed distribution of an active material, a binder 
macromolecule, bridge formation material, a radiation-curing nature compound, the various additives, etc. is carried out with 
a solvent etc. if needed with distributed equipments, such as a ** half machine, a ball mill, a super sand mill, and a 
pressurized kneader, and an electrode paint constituent is prepared. What is necessary is just to determine the concentration 
and viscosity of this paint constituent suitably according to an application means. 

[0065] Such an electrode paint constituent is painted on a band-like charge collector. What is necessary is for there to be 

especially no limit in the method of painting, and just to use well-known methods, such as electrostatic spray painting, a dip 

coating method, a spray coating method, the roll coat method, a doctor blade method, the gravure coat method, and screen 

printing. Then, rolling processing by the monotonous press, the calendering roll, etc. is performed if needed. 

[0066] What is necessary is not to be limited especially about the quality of the material and the configuration of a charge 

collector, but just to use the band-like thing which made metals and alloys, such as aluminum, copper, nickel, titanium, and 

stainless steel, the shape of the shape of the shape of a foil, and ******** s and a mesh etc. 

[0067] After painting a paint constituent on a charge collector and drying if needed, a bridge is constructed in the 

macromolecule in a paint film by heat treatment, being immersed [ water ], etc., or the macromolecule in a paint film is 

hardened by radiation irradiation. The paint film thickness after bridge formation or hardening is 10-500 micrometers. 

Considering as a grade is desirable. 

[0068] Although not limited especially about the structure of the lithium secondary battery of this invention, it usually consists 
of a positive electrode and a negative electrode, and separator formed if needed, and a paper type cell, a button type cell, a 
laminating type cell, a cylindrical cell, etc. are raised. 
[0069] 
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[Example] Hereafter, the concrete example of this invention is shown and this invention is further explained to a detail. 
[0070] Daikin Industries 351 [ fluororesin DAIERU DPA-] were used as an example 1 <example 1-1> binder raw material 
solution. This is what melted the fluoride vinylidene-6 fluoride [ propylene ] -ethylene tetrafluoride copolymer to the solvent, 
and can construct a bridge by polyamine. Capacity 250cm3 Into the bottle made from polyethylene, DAIERU DPA-351 4g 
(one of g of this is a binder raw material), As a diluent 47.0g and a cross-linking-agent (polyamine) solution for N-methyl 
pyrrolidone 0.2g, as a negative-electrode active material - Lonza artificial graphite KS15 (15 micrometers of mean particle 
diameters) - 16.3g and — as the media for distribution — Zr02 with a diameter of 1mm 125cm3 It supplied. The weight ratio 
of a binder raw material and graphite is set to 6:94. This was distributed for 10 hours and it considered as the electrode paint. 
About 1 30mg of this electrode paint was applied to the titanium board of 20mm angle. Moreover, it is 1 5 micrometers in 
thickness about this electrode paint. The applicator was used and applied to copper foil with a width of face [ of 45mm ], and 
a length of 1 50mm. The vacuum drying of these was carried out at 1 20 degrees C for 2 hours, and solvent removal and bridge 
formation were performed. Spot welding of the titanium line was carried out to the titanium board as a lead, and it considered 
as the electrode. 

[007 1 ] The charge and discharge test was performed as follows, using this electrode as an operation pole. What dissolved the 
lithium perchlorate of 1M in the mixed solvent of ethylene carbonate: diethyl carbonate (it is 1:1 at a volume ratio) was used 
for the electrolytic solution on the counter electrode and the reference pole using the lithium board linked to the titanium line. 
And it is 0 to 1 voltvsLi/Li+ at a 2mA constant current. Charge and discharge were performed in the range. The cross section 
of the cell for charge-and-discharge property measurement is shown in drawing 1 . 1 - 100cm3 a glass beaker and 2 - in a 
counter electrode and 5, a reference pole and 8 show a Luggin capillary and 9 shows [ a silicon plug and 3 / an operation pole 
and 4 ] the electrolytic solution 

[0072] Moreover, the so-called eye examination of a base was performed as an adhesive examination to what was applied to 
copper foil. Specifically, using the West Germany Erichsen multi-cross cutter (model 295), length and the cut line of each 1 1 
width of every were put into the paint film, and the ablation ratio of the paint film in 100 formed grids was investigated. 
[0073] For the result of a charge and discharge test, the service capacity of a two-cycle eye is 336 mAh/g per 1 g of graphite. 
It was large, and the rate of capacity degradation expressed with the following formula was as small as 1 .5%, and the good 
cell property was shown. 

Formula Rate =of capacity degradation {(service capacity of two-cycle eye )-(service capacity of 10 cycle eye)} xl00/(service 
capacity of a two-cycle eye) [%] 

[0074] Moreover, also in the adhesive examination, what exfoliated showed zero piece and the good result. 
[0075] Although Daikin Industries 35 1 [ fluororesin DAIERU DPA-] were used like the <example 1 - 1 of comparison> 
example 1, the cross linking agent was used as a binder solution as it was, without adding. 250cm3 the bottle made from 
polyethylene - DAIERU DPA-351 - as 4g (one of g of this is a binder), and a diluent - N-methyl pyrrolidone -- as 47.0g 
and a negative-electrode active material ~ Lonza artificial graphite KS1 5 ~ 16.3g and - as the media for distribution -- Zr02 
with a diameter of 1mm 125cm3 It supplied. This was distributed for 10 hours and it considered as the electrode paint. This 
electrode paint was applied to a titanium board and copper foil like the example 1 , and the charge-and-discharge property and 
the adhesive property were evaluated. 

[0076] Consequently, the service capacity of a two-cycle eye is 140 mAh/g per 1 g of graphite. It was small and the rate of 
capacity degradation was as large as 39%. As for 50 pieces and the bond strength, also in the adhesive examination, what 
exfoliated was weak among 100 pieces. 

[0077] the Daikin Industries make which made water distribute the <example 1 -2 of comparison> fluororubber - die 
ERURA tex GL-252 were used as a binder Added 58.66g of water so that it might become the suitable viscosity for 30.6g 
and this about Lonza artificial graphite KS15 considering 3.92g and B liquid (cross-linking-agent solution) of die ERURA tex 
GL-252 as 0.2g and a negative-electrode active material in A liquid (fluororubber 50wt% content) of die ERURA tex 
GL-252, and the ball mill was made to distribute like an example 1 - 1 , and the electrode paint was obtained. The weight ratio 
of a fluororubber and graphite is set to 6:94. Applied this to copper foil, dried at 60 degrees C for 10 minutes, subsequently 
heated at 1 50 degrees C for 30 minutes, the fluororubber was made to construct a bridge, and the electrode of the example 
1-2 of comparison was obtained. However, in the electrode of this example 1-2 of comparison, the adhesive strength of an 
electrode material was extremely weak, and the electrode material dropped out of copper foil easily. Adhesive strength of an 
electrode material was not able to perform the squares examination by being weak. 

[0078] Daikin Industries 351 [ fluororesin DAIERU DPA-] were used like the example 1-1 as a <example 1 -2> binder raw 
material solution. 250cm3 the bottle made from polyethylene - DAIERU DPA-351 ~ as 6.58g (1.7 of g of this are a binder 
raw material), and a diluent - N-methyl pyrrolidone - 45. 1 3g and a cross-linking-agent (polyamine) solution ~ as 0.33g and 
a negative-electrode active material - Lonza artificial graphite KS15 ~ 15.43g and ~ as the media for distribution - Zr02 
with a diameter of 1mm 125cm3 It supplied. The weight ratio of a binder raw material and graphite ,is set to 10:90. This was 
distributed for 10 hours, it considered as the electrode paint, and the following performed the same operation as an example 
1-1. 

[0079] Consequently, the service capacity of a two-cycle eye is 321 mAh/g per 1 g of graphite. It was large, and the rate of 
capacity degradation was as small as 2.2%, and showed the good cell property. Moreover, there is nothing that exfoliated also 
in the adhesive examination and it showed the good adhesive property. 

[0080] The silane bridge formation polyvinylidene fluoride was used as a <example l-3> binder. The polyvinylidene fluoride 
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(PVDF) used PVDF (form KAINA 741) of MONTEKACHINI. 1 weight partial powder of 2, five dimethyls -2, and the 5 JI 
(TASHARU butylperoxy)-hexyne -3 was carried out to the vinyl tris (beta methoxyethoxy) silane 10 weight section, it 
supplied to the biaxial extruder with a barrel temperature of 210 degrees C, and this PVDF 100 weight section was made to 
graft-ize a silane compound to PVDF. 

[008 1 ] This silane graft P VDF1 .7 1 g 50cm3 It dissolves in N-methyl pyrrolidone and is 1 5.43g about Lonza graphite KS 1 5 to 
this. It supplied and the same operation as an example 1-1 was performed. 

[0082] It was immersed in underwater [ which made dibutyltin dilaurate suspend 10% of the weight ], and bridge formation 
processing of the titanium board with which the paint film was formed, and the copper foil was carried out at 80 degrees C for 
1 5 hours. After the acetone washed what constructed the bridge, it evaluated by drying. 

[0083] Consequently, the service capacity of a two-cycle eye is 330 mAh/g per 1 g of graphite. It was large, and the rate of 
capacity degradation was as small as 2.0%, and showed the good cell property. There is nothing that exfoliated also in the 
adhesive examination and it showed the good adhesive property. 

[0084] PVDF (form KAINA 741) of MONDEKACHINI was used as it was as a <example 1-3 of comparison> binder. This 
PVDF1.71g50cm3 It dissolves in N-methyl pyrrolidone and is 15.43g about Lonza graphite KS15 to this. It supplied and the 
same operation as an example 1-1 was performed. 

[0085] Consequently, the service capacity of a two-cycle eye is 320 mAh/g per 1 g of graphite. Although it was large, the rate 
of capacity degradation reached to 10% greatly. All 100 pieces exfoliated in the adhesive examination. 
[0086] The Daikin Industries fluororubber G-75 1 was used as a <example 1 -4> binder. As for this fluororubber, the polyol 
system cross linking agent 2 and 2-screw (4-hydroxyphenyl) hexafluoro propane (bisphenol A F) are already scoured in crude 
rubber. It is 48.94g about N-methyl pyrrolidone to the bottle made from polyethylene like an example 1-1 . It takes and is 
1 .33g about a fluororubber G-751 to this. It added and the fluororubber was dissolved, this calcium (OH)2 (CALDICmade 
from Omi chemistry- 2000) ~ 0.08g and MgO (KYOWAMAGU MAmade from consonance chemistry- 1 50) - 0.04g and 
Lonza artificial graphite SFG25 - 22.66g Added, the ball mill was made to distribute and electrode application liquid was 
produced, the composition after carrying out dryness removal of the N-methyl pyrrolidone - graphite: ~ fluororubber: - 
calcium (OH)2 : It is set to MgO=94:5. 5:0. 3:0.2 (weight ratio). Electrode application liquid was applied to a titanium board 
and copper foil like the example 1 - 1 , and was evaluated. The service capacity of a two-cycle eye is 333 mAh/g per 1 g of 
graphite as a result of a charge and discharge test. The rate of capacity degradation was greatly as small as 1 .2%. 
[0087] a <example 1 - 5> lithium carbonate and cobalt carbonate - lithium: - it is set to cobalt =1:1 (mole ratio) - as - 
mixing - the inside of air - setting - 900 degrees C « 10 hours - calcinating - LiCo02 It obtained. 
[0088] Daikin Industries 351 [ fluororesin DAIERU DPA-] were used for the binder raw material solution. 250cm3 
DALERU DPA-35 1 into the bottle made from polyethylene 4g (one of g of this is a binder raw material), As a diluent 47.0g 
and a cross-linking-agent (polyamine) solution for N-methyl pyrrolidone 0.2g, as a positive active material ~ the above 
LiCo02 as 14.83g and an electric conduction assistant - Lonza artificial graphite KS15 - 0.83g and - as the media for 
distribution - Zr02 with a diameter of 1mm It supplied three times 125cm. A weight ratio is LiCo02. : Graphite: It is set to 
binder =89:5:6. This was distributed for 10 hours and it considered as the electrode paint. About 130mg of this electrode 
paint was applied to the titanium board of 20mm angle. Moreover, it is 1 5 micrometers in thickness about this electrode paint. 
The applicator was used and applied to aluminum foil with a width of face [ of 45mm ], and a length of 1 50mm. The vacuum 
drying of these was carried out at 120 degrees C for 2 hours, and solvent removal and bridge formation were performed. Spot 
welding of the titanium line was carried out to the titanium board as a lead, and it considered as the electrode. 
[0089] The same counter electrode as an example 1 -1 , a reference electrode, and the electrolytic solution are used by making 
this electrode into an operation pole, and it is 4.2 to 3.0voltvsLi/Li+ at a 2mA constant current. Charge and discharge were 
performed in the range, consequently, the service capacity of a two-cycle eye ~ LiCo02 ~ per g - 1 10 mAh/g It was large, 
the rate of capacity degradation was as small as 2.0%, and it was a good cell property. 

[0090] Moreover, also in the same adhesive examination as the above, what exfoliated indicated the good result to be zero 
piece. 

[0091] PVDF (form KAINA 741) of MONDEKACHINI was used as it was as a <example 1-4 of comparison> binder, this 
PVDF1 .00g 50cm3 N-methyl pyrrolidone dissolving -- this - as a positive active material - LiCo02 as 14.83g and an 
electric conduction assistant - Lonza graphite KS15 - 0.83g and - as the media for distribution - Zr02 with a diameter of 
1mm 125cm3 It supplied. A weight ratio is LiCo02. : Graphite: It is set to binder =89:5:6. Hereafter, the same operation as 
an example 1 -4 was performed. 

[0092] For the result of a charge and discharge test, the service capacity of a two-cycle eye is 80 mAh/g per LiCo02 1 gram. 
It was small, the rate of capacity degradation was as large as 10.0%, and the good cell property was not acquired. 
[0093] Moreover, also in the adhesive examination, what exfoliated was as bad as 100 pieces. 

[0094] The cell of composition of being shown in <example l-6> drawing 2 was produced. The electrode produced in the 
example 1-1 was disconnected in length of 50mm, and was used for the negative electrode 12. the thickness of the paint film 
of a negative electrode - 90 micrometers it was . The electrode produced in the example 1 -5 was disconnected and used for a 
length of 50mm in the positive electrode 13. the thickness of the paint film of a positive electrode - 70 micrometers it was . 
The titanium line 14 was connected to the negative electrode and the positive electrode as an external terminal, respectively, 
and with the electrolytic solution 16 (it is the same as the electrolytic solution of an example 1), these and the separator 1 5 
made from polyethylene were enclosed into the cell case 1 1 , and were used as the cell. This cell was charged by the 10mA 
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constant current, and it discharged until it became 3.0 volts by the 10mA constant current in the place which amounted to 4.2 
volts. And this charge-and-discharge cycle was repeated. 

[0095] Consequently, as for both degradation of capacity, the service capacity of a two-cycle eye and 10 cycle eye was not 
accepted by 50 mAh/g. 

[0096] The cell was assembled like the example 1 -6 using the electrode produced in the example 1 -4 of comparison to the 
positive electrode using the electrode produced in the example 1 -3 of comparison to the <example 1-5 of comparison> 
negative electrode. 

[0097] When the same charge and discharge as an example 1-6 were repeated about this cell, the service capacity of a 
two-cycle eye is 45 mAh/g. It is low and the service capacity of 10 cycle eye is 40 mAh/g. It became and the rate of capacity 
degradation reached to about 1 1%. 

[0098] The electrode sample of example 2 positive electrode and a negative electrode was created as follows, and the 
charge-and-discharge property was evaluated. 

[0099] Well [ 200g of <example 2-1 to 2-4> cobalt carbonate, and lOOg of lithium carbonates ] s mixture and the thing which 
carried out a ** half were put into the crucible made from SERAMMKKU, and was heated at 700 degrees C under air 
atmosphere for 5 hours. Then, the mortar performed trituration processing and it considered as the positive active material, 
the obtained positive active material - an X diffraction - LiCo02 it is - things were checked 

[0100] Next, the electrode paint constituent was created using the above-mentioned active material. The composition of an 
electrode paint constituent is as follows. 

[0101] Electrode paint constituent active material LiCo02 100 Weight section acetylene black 2 Weight section 

(HS100:DENKI KAGAKU KOGYO K.K. make) 

Graphite 6 Weight section (KS44:Lonza make) 

Binder resin 8 Weight section (shown in Table 1) 

Radiation-curing nature compound 1 Weight section (shown in Table 1) 

N-methyl pyrrolidone 180 Weight section [0102] The above-mentioned constituent was mixed and distributed with the ball 
mill for 10 hours, and the electrode paint was prepared. Thus, it is the thickness of 20 micrometers about the obtained 
electrode paint. After applying to both sides of an aluminum MIUMU foil by the doctor blade method, it dried by hot blast. A 
calendering roll performs rolling processing after that, and the thickness of one side of an electrode layer is 70 micrometers. It 
painted so that it might become. Next, the area beam type electron ray accelerator made from the Nissin highness voltage is 
used, and it is N2 under acceleration voltage 1 50Ke V, 20mA of electrode currents, and the conditions of quantity-of-radiation 
20Mrad. Under atmosphere, the electron ray was irradiated and hardening processing was performed. Thus, the created 
sample was cut to 25mm long and 20mm wide, the electrode layer was removed for the upper-limit section by width of face 
of 5mm, and it left the electrode layer of 20mm angle. Spot welding of the titanium line was carried out to the upper-limit 
section which removed the electrode layer as a lead, and it considered as Electrodes A, B, C, and D (refer to Table 1). 
[0103] 
[Table 1] 
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[0104] Using these electrodes as an operation pole, the cell for charge-and-discharge property measurement of an example 
2-1 to 2-4 was produced as follows, and the charge and discharge test was performed. The result was shown in Table 1 . 
[0105] What dissolved the lithium perchlorate of 1M in the mixed solvent of the volume ratio 1:1 of ethylene carbonate and 
diethyl carbonate was used for the electrolytic solution on the counter electrode and the reference pole using the lithium board 
linked to the titanium line. And it is 4.2voltvsLi/Li+ from 3 volts at a 4mA constant current. Charge and discharge were 
performed in the range. 

[0106] Structure of the cell for charge-and-discharge property measurement was made into the structure shown in drawing 1 
used in the example 1-1 grade. 

[0107] It is a positive active material LiCo02 like the <example 2-5> above-mentioned example 2-1 to 2-3. It compounded. 
[0108] Next, the electrode paint constituent was created using the above-mentioned active material. The composition of an 
electrode paint constituent is as follows. 

[0109] Electrode paint constituent active material LiCo02 100 Weight section acetylene black 2 Weight section 
(HS100:DENKI KAGAKU KOGYO K.K. make) 
Graphite 6 Weight section (KS44:Lonza make) 
Binder resin 8 Weight section (shown in Table 1 ) 

N-methyl pyrrolidone 180 Weight section [0110] Except having set radiation-curing processing conditions to acceleration 
voltage 150KeV, 20mA of electrode currents, and quantity-of-radiation 40Mrad for the above-mentioned constituent, 
Electrode E was created by the same method as an example 2-1 to 2-4, two to example 5 cell was produced like the above, 
and the electrode was examined. The result was shown in Table 1 . 

[0111] Except not performing the example 2-1 of comparison, and <2-2> radiation-curing processing, Electrodes F and G 
were created by the same method as an example 2-5, the example 2- 1 of comparison and the cell of 2-2 were produced like 
the above, and the electrode was examined. The result was shown in Table 1 . 

[0112] From Table 1 , the cell of an example 2- 1 to 2-5 using the electrodes A, B, C, D, and E of the example of this 
invention is understood that there are few falls of the service capacity when repeating charge and discharge. If the service 
capacity in 20 cycles of Table 1 is measured, although a radiation-curing nature compound is not included, for example, the 
cell of an example 2-5 using the electrode E which irradiated the electron ray Service capacity is improving from the example 
2-1 of comparison and the cell of 2-2 using the electrodes F and G which do not irradiate an electron ray. Furthermore, 
including a radiation-curing nature compound, although the cell of an example 2-1 to 2-4 using the electrodes A, B, C, and D 
which irradiated the electron ray has small electron-beam-irradiation dosage, it turns out that service capacity is improving 
sharply. Therefore, in the rechargeable battery of this invention, it turns out that the charge-and-discharge cycle life is 
improved. 

[01 1 3] The electrode paint constituent was created using graphite as a <example 2-6 to 2-9> active material. The 
composition of an electrode paint constituent is as follows. 

[0114] Electrode paint constituent active material graphite 100 Weight section (KS44:Lonza make) 

Binder resin 8 Weight section (shown in Table 2) 

Radiation-curing nature compound 1 Weight section (shown in Table 2) 

N-methyl pyrrolidone 1 80 Weight section [0115] The above-mentioned constituent was mixed and distributed with the ball 
mill for 10 hours, and the electrode paint was prepared. Thus, it is the thickness of 12 micrometers about the obtained 
electrode paint. After applying to both sides of copper foil by the doctor blade method, hot air drying is performed, and the 
thickness of one side of an electrode layer is 100 micrometers. It painted so that it might become. Next, the area beam type 
electron ray accelerator made from the Nissin highness voltage is used, and it is N2 under acceleration voltage 1 50KeV, 
20mA of electrode currents, and the conditions of quantity-of-radiation 20Mrad. Under atmosphere, the electron ray was 
irradiated and hardening processing was performed. Thus, the created sample was cut to 25mm long and 20mm wide, the 
electrode layer was removed for the upper-limit section by width of face of 5mm, and it left the electrode layer of 20mm 
angle. Spot welding of the titanium line was carried out to the upper-limit section which removed the electrode layer as a lead, 
and it considered as Electrodes H, I, J, and K (Table 2). 
[0116] 
[Table 2] 
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[0117] Using these electrodes as an operation pole, the cell of an example 2-6 to 2-9 was produced, and charge and discharge 
were performed as follows. Structure of a cell was made to be the same as that of the above. 

[0118] What dissolved the lithium perchlorate of 1M in the mixed solvent of the volume ratio 1 :1 of ethylene carbonate and 
diethyl carbonate was used for the electrolytic solution on the counter electrode and the reference pole using the lithium board 
linked to the titanium line. And it is 1 voltvsLi/Li+ from 0 volt at a 4mA constant current. Charge and discharge were 
performed in the range. The result was shown in Table 2. 

[0119] The electrode paint constituent was created like the example 2-10 and the <2-l 1> example 2-6 to 2-9, using graphite 

as an active material. The composition of an electrode paint constituent is as follows. 

[0120] Electrode paint constituent active material Graphite 100 Weight section (KS44:Lonza make) 

Binder resin 8 Weight section (shown in Table 2) 

N-methyl pyrrolidone 180 Weight section [0121] Using the above-mentioned constituent, except having set radiation-curing 
processing conditions to acceleration voltage 150KeV, 20mA of electrode currents, and quantity-of-radiation 40Mrad, 
Electrodes L and M were created by the same method as an example 2-6 to 2-9, the example 2-10 and the cell of 2-1 1 were 
produced, and the electrode was examined like the above. The result was shown in Table 2. 
[0122] Except not performing radiation-curing processing for the example 2-3 of comparison, and the <2-4> 
above-mentioned constituent, Electrodes N and O were created by the example 2- 1 0 and the same method as 2- 1 1 , the 
example 2-3 of comparison and the cell of 2-4 were produced, and the electrode was examined. The result was shown in 
Table 2. 

[0123] From Table 2, the cell of the example 2-6 using the electrodes H, I, J, and K of the example of this invention, 2-7, 2-8, 
and 2-9 has early large service capacity, and is understood that there are few falls of the service capacity when repeating 
charge and discharge. For example, when the service capacity in 1 cycle of Table 2 is measured, it turns out that service 
capacity of the cell of the example 2-6 using Electrodes H, I, J, and K, 2-7, 2-8, and 2-9 is improving from the example 2-3 of 
comparison which used Electrodes N and O, and the cell of 2-4. When the service capacity in further 20 cycles is measured, it 
turns out that service capacity of the cell of an example 2-6 to 2-1 1 using Electrodes H, I, J, K, L, and M is improving sharply 
as compared with the example 2-3 of comparison which used Electrodes N and O, and the cell of 2-4. Thus, as for the 
rechargeable battery of this invention, charge-and-discharge capacity and the cycle life are improved. 



[Translation done.] 
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